To evaluate its efficacy in detecting myocardial ischemia in children, iodine-123-labeled 15-(p-iodophenyl)-3-R, S-methylpentadecanoic acid (BMIPP) myocardial single photon emission computed tomography (SPECT) imaging was performed in 16 pediatric patients with Kawasaki disease (KD, 11 male, 5 female; mean age and range: 13 years 8 months and 8 years 11 months to 17 years 7 months). Five children with chest pain and no cardiac disease were studied as controls (2 male, 3 female; mean age and range: 13 years 4 months and 9 years 4 months to 17 years 11 months). Selective coronary angiography was also performed in the 16 patients to evaluate the location of coronary stenosis and coronary aneurysms. The SPECT images were expressed as polar maps (Bull's eye maps) and the 'defect' area was defined as where the uptake of BMIPP was less than the standardized BMIPP images of the 5 control children. In the 16 patients, 33 segments had coronary aneurysms and 10 (10/33: 30.3%) had significant coronary stenosis on selective coronary angiography. Nine of the 10 (90%) segments with significant coronary stenosis showed a defect on the BMIPP image whereas only 6 of the 23 (26.1%) segments without coronary stenosis showed a defect on BMIPP imaging. The sensitivity of BMIPP SPECT imaging for detection of coronary stenosis was 90% (9/10) and its specificity was 73.9% (17/23), whereas the sensitivity of 201 Tl SPECT imaging was 80% (8/10) and its specificity was 60% (14/23). There was no significant difference between the BMIPP and 201 Tl SPECT images in either the sensitivity or specificity for the detection of coronary stenosis. In the present series, only one case had discordant BMIPP uptake (BMIPP uptake < 201 Tl uptake) in which there was a large coronary aneurysm and re-canalization after complete obstruction at segment 1 of the right coronary artery. This discordant BMIPP uptake reflects the possibility of ischemic but viable myocardium after re-canalization of a large aneurysm in KD. In conclusion, BMIPP SPECT imaging is useful for detecting the areas of ischemic myocardium caused by coronary artery stenosis in children with KD. coronary angiogram. We defined the location of the coronary aneurysms and stenosis by using the American Heart Association Committee Report. 9 BMIPP SPECT imaging was performed with a rotating gamma camera ZLC-75 (Siemens). Each patient received 74-111 MBq of BMIPP during fasting and resting conditions. BMIPP SPECT imaging was performed 20 min after the BMIPP injection.
Stressed and delayed thallium ( 201 Tl) SPECT were also carried out for 16 patients. The patients exercised on a bicycle ergometer to attain a heart rate of 150 beats/min or to a symptom-limited end-point. At peak exercise, a total amount of 65-111 MBq 201 Tl was injected, and exercise was terminated approximately 1 min after the injection. 201 Tl SPECT images were taken twice: first within 15 min of the 201 Tl injection and then 4 h after the injection.
All the SPECT images were expressed as polar maps (Bull's eye maps). We standardized the BMIPP SPECT images by averaging the images of the 5 control children, and we defined the patient's BMIPP imaging area as 'defective' if the uptake of BMIPP was less than 2 standard deviations (SD) of the uptake in the standardized BMIPP images.
We compared the relationship between the defect area on the BMIPP SPECT images and the myocardial perfusion area of the stenosed coronary artery. We defined the relationship between the area of the myocardial segment area and the coronary artery branches by using polar representations previously reported. 10 Statistical analysis was done by Fisher's exact probability test. A p value less than 0.05 was considered statistically significant.
Informed consent for examination by SPECT imaging was obtained from the parents of all the patients and control children. Table 1 shows the patients' ages, the location of the coronary aneurysms, the status of the coronary stenosis, and the defect area on the BMIPP and 201 Tl SPECT images.
Results

Normal Profile Map
The mean profile Bull's eye map created from the images of the 5 control children showed homogeneous uptake, which was in agreement with the findings in a previous study of adults. 5 
Coronary Angiography
In the 16 KD patients, 33 segments had coronary aneurysms and 10/33 (30.3%) of those segments had a significant coronary stenosis on selective CAG.
BMIPP SPECT Imaging
Nine of the 10 (90%) segments with a significant coronary stenosis showed a defect on the BMIPP image whereas only 6/23 (26.1%) segments with a coronary aneurysm, but no stenosis, showed a defect. BMIPP imaging detected myocardial segments with a coronary artery stenosis more sensitively than those with a coronary aneurysm but no stenosis (Fisher exact p value = 0.0015) ( Table 2) .
Thallium SPECT Imaging
Eight of the 10 (80%) segments with a significant coronary stenosis showed a defect on the 201 Tl SPECT image. Of the 10 segments, 4 (40%) showed redistribution (RD) and 4 (40%) showed a persistent defect (PD) on both stressed and delayed 201 Tl SPECT imaging. Nine of the 23 (39.1%) segments with a coronary aneurysm but no stenosis showed a defect on the 201 Tl SPECT image. There was no significant sensitivity in detecting myocardial segments with a coronary artery stenosis by stressed and delayed 201 Tl SPECT imaging (Fisher exact p value = 0.057) ( Table 3) .
Relationship Between BMIPP and Thallium SPECT Imaging
Fifteen of 22 segments on BMIPP imaging and 15 of 19 segments on thallium imaging coincided in detection of a defect. One segment (patient No. 7 in Table 1 ) showed discordant BMIPP uptake (ie, only the BMIPP image showed a defect in the same segment related to the coronary stenosis).
Sensitivity and Specificity
The sensitivity of BMIPP SPECT imaging for detection of coronary stenosis was 90% (9/10) and its specificity was 73.9% (17/23), whereas the sensitivity of 201 Tl SPECT imaging was 80% (8/10) and specificity was 60% (14/23). There was no significant difference between the BMIPP and 201 Tl SPECT images in the sensitivity or specificity in detecting coronary stenosis (Fisher exact p value of sensitivity and specificity >0.99 and 0.53, respectively).
Discussion
The present study revealed that a defect on BMIPP SPECT imaging closely related to the myocardial segment associated with marked coronary stenosis. Our BMIPP SPECT imaging data show that the sensitivity and specificity are high (90% and 73.6%, respectively) and that the modality is as good as 201 Tl SPECT imaging for detecting myocardial ischemia in children with KD. There is only 1 case report of the efficacy of BMIPP imaging in children with KD, 11 describing mild exercise BMIPP imaging in a 12-year-old boy. The authors concluded that mild exercise BMIPP myocardial SPECT may be a sensitive method for detecting myocardial ischemia. We used non-exercise BMIPP SPECT imaging because we believe that it is more simple approach for children. Our data show that BMIPP SPECT imaging is effective in detecting ischemic myocardial segments related to marked coronary stenosis in children with KD.
The efficacy of several clinical methods of detecting myocardial ischemia in children with KD have been reported, including pharmacological stress perfusion scinctigraphy [12] [13] [14] [15] and pharmacological stress echocardiography. 16, 17 However, BMIPP SPECT imaging is simpler to use for children than those examination methods because it does not require either pharmacological or exercise stress. Furthermore, the absorbed dose of BMIPP is approximately 3-fold less than that of 201 Tl (the absorbed dose of radionuclides is calculated using the method in the MIRD pamphlet 18 ). Thus BMIPP SPECT imaging reduces the total radiation dose to the patient, which is a significant advantage for BMIPP imaging as the modality of choice for children.
In the myocardium, BMIPP, which has -methyl side branched structure, is reported not to be metabolized via -oxidation, but to be converted to acyl-CoA (water soluble) with ATP, 19 meaning that ATP concentration plays an important role in the myocardial uptake and retention of BMIPP. When myocardial ischemia is significant, myocardial retention of BMIPP is decreased and BMIPP reversediffusion is increased because of reduced ATP concentration and reduced conversion to acyl-CoA. 20, 21 Our present data suggest that in children with KD the defect on BMIPP imaging reflects the ischemic myocardium supplied by stenotic coronary arteries.
BMIPP imaging is very useful for detecting not only ischemic scarred myocardium, but also ischemic and viable myocardium in adult patients, and the latter is a most important clinical advantage. The advantage of BMIPP imaging in children with KD could not be clarify definitively in the present series, because only 1 case had discordant BMIPP uptake (BMIPP uptake < 201 Tl uptake). Discordant BMIPP uptake is reported to be observed in metabolically stunned myocardium; that is, ischemic but viable myocardium after acute myocardial infarction (in adults). 22, 23 In the present case there had been a large coronary aneurysm (maximum diameter 10 mm) that had been re-canalized after it completely obstructed segment 1 (#1) of the right coronary artery. In that myocardial segment, BMIPP SPECT imaging showed reduced uptake, but 201 Tl SPECT imaging showed normal uptake. This discordant BMIPP uptake reflects the possibility of ischemic but viable myocardium in KD, as a result of initial obstruction and subsequent re-canalization of a large aneurysm.
Some patients with coronary aneurysms without stenosis in our study also show defects on BMIPP images of the myocardium. Of those 6 segments, 2 showed redistribution on the 201 Tl SPECT imaging. Those findings suggest that myocardial perfusion may be reduced in KD patients with coronary aneurysms without stenosis, 24, 25 and that BMIPP imaging can reflect the possibility of myocardial ischemia related to a non-stenotic coronary aneurysm in KD.
Study Limitations
First, our study results strongly suggest that BMIPP imaging can identify metabolically abnormal myocardium caused by ischemia in the area of a coronary stenosis in KD, but we did not perform clinical cardiac positron emission tomography (PET) imaging using fluorodeoxyglucose (FDG) in all the KD patients to prove the myocardial abnormality of exogenous glucose utilization caused by ischemia. Using cardiac FDG PET imaging in conjunction with BMIPP imaging would clearly define the myocardial metabolic abnormalities caused by ischemia. Second, the relationship between ventricular wall motion abnormality and BMIPP imaging was considered, but not compared because of incomplete data. The test requires further evaluation and experience.
In conclusion, BMIPP SPECT imaging is useful for detecting ischemic areas of myocardium secondary to coronary artery stenosis in children with KD.
